Structural and functional changes in human insulin induced by the lipid peroxidation byproducts 4-hydroxy-2-nonenal and 4-hydroxy-2-hexenal.
Lipid peroxidation produces many reactive byproducts including 4-hydroxy-2-hexenal (HHE) and 4-hydroxy-2-nonenal (HNE) derived from the peroxidation of n-3 and n-6 polyunsaturated fatty acids, respectively. HNE and HHE can modify circulating biomolecules through the formation of covalent adducts. It remains, however, unknown whether HHE and HNE could induce functional and structural changes in the insulin molecule, which may in turn be pivotal in the development of insulin resistance and diabetes. Recombinant human insulin was incubated in the presence of HHE or HNE, and the formation of covalent adducts on insulin was analyzed by mass spectrometry analysis. Insulin tolerance test in mice and stimulation of glucose uptake by 3T3 adipocytes and L6 muscle cells were used to evaluate the biological efficiency of adducted insulin compared with the native one. One to 5 adducts were formed on insulin through Michael adduction, involving histidine residues. Glucose uptake in 3T3-L1 and L6C5 cells as well as the hypoglycemic effect in mice was significantly reduced after treatment with adducted insulin compared to native insulin. The formation of HNE- and HHE-Michael adducts significantly disrupts the biological activity of insulin. These structural and functional abnormalities of the insulin molecule might contribute to the pathogenesis of insulin resistance.